Abstract A probe card is used in testing semiconductor wafers. It must maintain a precise location tolerance for a fine pitch due to highly densified chips. However, high heat transferred from its lower chuck causes thermal deformations of the probe card. Vertical deformation due to the heat will bring contact problems to the pins in the probe card, while horizontal deformation will cause positional inaccuracies. Therefore, probe cards must be designed with proper materials and structures so that the thermal deformations are within allowable tolerances. In this paper, heat transfer analyses under realistic loading conditions are simulated using ANSYS TM finite element analysis program. Thermal deformations are calculated based on steady-state temperature gradients, and an optimal structure of the probe card is proposed by adjusting a set of relevant design parameters so that the deformations are minimized. 
Introduction
A probe card is an interface between a semiconductor wafer and testing equipment that checks the electronic characteristics of the semiconductor chips during the manufacturing process. A series of parallel pins on the printed circuit board (PCB) in the probe card makes physical contacts with the IC output pads, and it transfers the internal electronic characteristics to the external testing equipment. A control system detects and removes any defect chips based on the signal characteristics it receives from the probe card. This reduces assembly and inspection time and improves the product yield rates.
Probe cards can be classified into different types based on the shapes of the contact elements. A vertical card [1, 2] has tungsten wires sharpened to needles and assembled vertically, while a horizontal card has its wires bent and assembled horizontally. A MEMS card [3] [4] [5] is a vertical type made using the semiconductor process technology.
Higher density of integrated circuits reduces the I/O pad pitch of the chips, limiting the space for the probe cards.
Hence, the horizontal type is replaced by the vertical type, and then further developed to MEMS vertical type.
In designing a probe card, its positional accuracy is getting more important because the pad pitch is smaller while the wafer size is getting larger. The heat transferred from the chuck under the probe card, however, develops horizontal and vertical deviations of the probe pins during the testing process. The vertical deviation causes contact errors of the pins, and the positional accuracy of the pins is affected by the horizontal deviation. Therefore, a proper structural design and choice of materials are important so that the deviations can be controlled and limited.
Related research experimentally shows that the thermal deformations affect the accuracy of the probe cards [6] .
Others studied on the relationships between the heat distributions of the chuck and the thermal deformations of the probe cards [7, 8] , and on the thermal deformations due to the layered structure of the printed wiring board (PWB) [9] . However, little research is found on the design of probe cards based on the analyses of their thermal deformations.
In this research, temperature distributions of a probe card under a realistic testing environment are investigated using a commercial finite element analysis package, ANSYS TM . Based on the thermal deformations through the analyses of temperature distributions, an optimal structure of a probe card that minimizes the thermal deformations is proposed. Also, this paper reports useful data for correcting the thermal deformations by analyzing the deformations of the probe cards under the loads applied to the pins in addition to the thermal deformations.
Modeling of a Probe Card
A probe card is an assembly of many components as shown in Fig. 1 .
A test is performed after the bottom of the probe card is in contact with the lower chuck at 125 °C with a gap of 200 ㎛ for five minutes as shown in Fig. 2 . Table 1 illustrates the mechanical and thermal properties of the components in the probe cards used in the analysis of the paper. Anisotropic property of the PCB is considered.
[ Table 1 Z-displacements of the sub-board due to heat. The sub-board also deflects convex downward with the maximum deformation of 103 ㎛.
[ Fig. 6 ] Z-displacements of the sub-board due to thermal load
Optimization of Thermal Deformation
To minimize the deformations due to heat in the Z direction, heat transfer and thermal deformation analyses are performed on five alternative structural designs by modifying the number of columns and their sizes as summarized in Table 2 . Fig. 7 illustrates the five alternatives comparing with the initial model. Fig. 8 shows the Z-displacements of the alternative probe cards after running thermal analyses. [ Table 2 ] Design alternatives for the reduction of thermal deformation Fig. 9 shows the Z-displacements of the sub-boards of which the deformations are considered to be the same as those of the probe pins. In the figure, the thermal displacements are reduced as the number of columns increases as summarized in Table 3 . which is considered to be a better alternative. Table 4 summarizes the Z-displacements at two points as shown in Fig. 10 , and this data can be used in designing the probe card compensating the thermal deformations. [ Table 4 ] Z-displacements at specific points 
Deformation Analysis Including Pin Loads
Under the real operating condition of a probe card, an over-drive load is applied to the probe pins in the vertical (Z) direction. The deformation due to the load is in the direction opposite to the thermal deformation. Hence, it will cancel out the thermal displacements discussed in the previous sections. In this paper, deformation analyses of a pin under the load are performed to calculate the amounts of vertical loads corresponding to certain vertical deflections of the pin. Based on the analyses, the total load to all the pins in a probe card is calculated assuming there are 10,000 pins per probe card. Assuming a uniform pressure distribution to the array of pins on the sub-board, deformation analysis due to the pressure is added after the thermal analysis to study the canceling effect in the Z-displacements. The results are summarized in Table 5, showing that the canceling effect due to the load is not significant comparing with the thermal deformations. Only 7 ㎛ of reduction is observed when the vertical displacement of a probe pin reaches 100 ㎛. [ Table 5 ] Z-displacement reduction of sub-board with pin load Using the distribution patterns of the Z-displacements including the loads, it will be possible to design probe cards that maintain uniform contacts of pins in the Z direction even after some thermal deformations if the center (O) and the end (C) of the board are properly adjusted by utilizing the data. 
Conclusions

